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Institute of Toxicology, University of Zurich, Switzerland. 
BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS, (1993 
Aug 16) 194 (3) 1074-83. 
Journal code: 0372516. ISSN: 0006-291X. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199309 

Entered STN: 19931001 
Last Updated on STN: 19980206 
Entered Medline: 19930915 
The binding properties of several active and inactive cyclosporins to the 
major intracellular receptor proteins, cyclophilin A and B, as well as the 
interaction with the phosphatase calcineurin were investigated by ELISA 
and by means of a photoaf f inity labeled probe (PL-CS) . Binding to 
recombinant human cyclophilin A and B was rapid and saturable, and 
correlated with the in vitro immunosuppressive activity of cyclosporin 
derivatives. In the presence of cyclophilin A or B and calcium 
cyclosporin binds specifically to purified bovine calcineurin. PL-CS 
labeled only the calcineurin A subunit, but not the B subunit or 
calmodulin. Calcineurin A binding was competed by active (CsA, 
CsG or CsM) , but not inactive (CsH, CsF) derivatives or the structurally 
unrelated macrolide immunosuppressant FK506. Ternary complexes 
containing equimolar ratios of cyclophilin A or B, PL-CS and calcineurin 
■were resolved by chemical-crosslinking . The formation of these complexes 
was apparently specific, calcium-, but not calmodul in-dependent , and only 
inhibited by active cyclosporins. In vivo labelling of Jurkat T-cells 
revealed, that cyclophilin A and calcineurin A are the main labeled 
proteins, which form complexes in the presence of active cyclosporin. 
Thus, .we demonstrate directly, that active cyclosporins have two 
recognition sites, which allow the in vivo recognition of cyclophilins and 
calcineurin A. 
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Cyclosporine- and FK506- induced sympathetic activation 
correlates with calcineurin-mediated inhibition of T-cell 
signaling . 

Lyson T; Ermel L D; Belshaw P J; Alberg D G; Schreiber S L; 
Victor R G 

Department of Internal Medicine, University of Texas 
Southwestern Medical Center, Dallas 75235-9034. 
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English 
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Entered STN: 19931001 
Last Updated on STN: 19980206 
Entered Medline: 19930910 
Cyclosporine A (CsA) -induced hypertension appears to be caused in part by 
neurogenic vasoconstriction, but the mechanism by which CsA activates the 
sympathetic nervous system is unknown. In T lymphocytes, the cellular 
target of CsA and the macrolide immunosuppressant FK506 (as 
complexes with their endogenous cytoplasmic receptors, or immunophilins) 
is- the Ca (2+) -calmodul in-dependent phosphatase calcineurin. The 
presence of calcineurin and its colocalization with immunophilin in the 
brain led us to hypothesize that the phosphatase also mediates CsA- induced 
sympathetic activation. We now report that sympathetic activity and 
arterial pressure in rats are increased not only by CsA but also by FK506, 
which is structurally unrelated to CsA but inhibits the same 
calcineurin-sensitive T-cell signaling pathway. In contrast, sympathetic 
activity and blood pressure are not increased by rapamycin, which forms an 
immunophilin complex that does not bind calcineurin. Furthermore, CsA- 
and FK506- induced sympathetic activation is attenuated for drug analogues 
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possessing modest changes in molecular structure in a way that closely 
parallels the ability of each analogue to inhibit calcineurin-mediated 
T-cell signaling. These results implicate an important role for 
extralymphoid (ie, neuronal) calcineurin in mediating immunosuppressive 
drug toxicity. 
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calcineurin phosphatase activity and gene transcription 
mediated through the cAMP- responsive element in a nonimmune 
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Cyclosporin A and the macrolide tacrolimus (FK5 06) are powerful 
immunosuppressive drugs that in T cells inhibit the calcium/calmodul in- 
dependent phosphatase calcineurin thereby preventing the 
activation of T-cell-specif ic transcription factors, such as NF-AT, 
involved in lymphokine gene expression. While this may explain, at least 
in part, the mechanism of cyclosporin A/FK506 immunosuppression, 
additional mechanisms have to be invoked in order to explain the 
pharmacological properties and toxic effects of these drugs, such as 
nephrotoxicity and neurotoxicity. We have studied the effects of 
cyclosporin A and FK506 on calcineurin phosphatase activity and gene 
transcription mediated by the cAMP- responsive element (CRE) , a binding 
site of the ubiquitous transcription factor CREB. A reporter gene was 
placed under the transcriptional control of the CRE of the rat glucagon 
gene and transiently transfected into the glucagon-expressing cell line 
alpha TC2 . Cyclosporin A and FK506 inhibited depolarization- induced gene 
transcription in a concentration-dependent manner (IC50 of about 1 nM and 
30 nM for FK506 and cyclosporin A, respectively) . Both cyclosporin A and 
FK506 inhibited calcineurin phosphatase activity at drug concentrations 
that inhibited gene transcription. The FK506 analogue rapamycin had no 
effect on calcineurin activity and gene transcription, but excess 
concentrations of rapamycin prevented the effects of FK506 on both 
calcineurin activity and gene transcription. These results support the 
notion that the interaction of drug-immunophilin complexes with 
calcineurin may be the molecular basis of cyclosporin A/FK506- induced 
inhibition of CREB/CRE -mediated gene transcription. The ability to 
interfere with CREB/CRE-mediated gene transcription represents a novel 
mechanism of cyclosporin A/FK506 action which may underlie pharmacological 
effects and toxic manifestations of these potent immunuosuppressive drugs. 
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Comparison of conformations of cyclosporin A and 

macrolide FK506 fragments: localization of putative 

binding sites with phosphatase calcineurin. 

Denesyuk A I; Korpela T; Lundell J; Sara R; Zav'yalov V P 

Institute of Immunology, Lyubuchany, Russia. 
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AB The three-dimensional structures of two immunosuppressants, cyclosporin A 
and macrolide FK506, were compared. The sites N-methylglycine3-N- 
methylleucine4 and valines -N-methylleucine6 of cyclosporin A were found to 
be similar to each other (the root -mean- square value was 0.29 A for six 
reference points of the main chain) and also to the site C17-C22 of FK506 
(the root -mean- square values were 0.33 A and 0.13 A, respectively). We 
suggest these fragments of cyclosporin A and FK506 make a major 
contribution to the interaction of the immunosuppressants with the 
phosphatase calcineurin. 
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Neisseria meningitidis encodes an FK506-inhibitable 
rotamase. 

Sampson B A; Gotschlich E C 

Laboratory of Bacterial Pathogenesis and Immunology, 
Rockefeller University, New York, NY 10021-6399. 
AI26558 (NIAID) 
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PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE 
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Eukaryotic peptidyl-prolyl cis-trans isomerases (rotamases) fall into two 
classes, the cyclophilins inhibited by cyclosporin A and the 
FK5 06 -binding proteins inhibited by the macrolide antibiotic 
FK506. In prokaryotes homologs of cyclophilins have been identified and 
found to have rotamase activity. Sequence similarities have been noted 
between FK506 -binding proteins and gene products in a number of bacterial 
species, but whether these bacterial proteins have rotamase activity- is 
not known. Using the polymerase chain reaction, we have cloned and 
sequenced a homolog of an FK506 -binding protein from Neisseria 
meningitidis and expressed the gene product as a fusion protein with 
maltose-binding protein. The fusion protein was purified by affinity 
chromatography. By measuring the rate of chymotrypsin cleavage of the 
substrate succinyl-Ala-Ala-Pro-Phe p-nitroanilide, we found that the 
fusion protein had rotamase activity comparable to that of human 
FK506-binding protein. This rotamase activity was inhibited by FK506. 
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Slow conformational changes in protein folding can be 
accelerated by enzymes. 
Bang H; Fischer G 

Martin-Luther-Universitat Halle-Wittenberg, Institut fur 
Biochemie. 
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In vitro protein folding is a spontaneous process that is driven by a 
small difference in Gibbs free energy between the native and unfolded 
states. The information required for correct folding should be entirely 
encoded in the amino acid sequence of the protein, although increasing 
evidence exist that proteins participate in cellular folding events. 
Isomerization of Xaa-Pro peptide bonds is thought to represent some slow 
steps of folding kinetics. This type of molecular reorganization have to 
be important in cellular folding due to the different isomeric states in 
proteins. Peptidyl-prolyl-cis/trans-isomerase (PPIase) catalyzes some, 
but not all, proline-limited slow folding reactions. On the other hand, 
the amino acid sequence of 17,8 kD PPIase from pig kidney is identical 
with cyclophilin (Cyp) that is the major cellular binding protein for the 
immunosuppressive drug cyclosporin A (CsA) . The connection between enzyme 
catalyzed cis/trans isomerization, protein folding and immunosuppression 
is still unknown. PPIases of the cyclophilin type are found in most 
organisms and in various subcellular compartments. Recently a second 
family of PPIases has been discovered. These small proteins are 
structurally related to the cyclophilins ; yet they bind with a 
high affinity to another immunosuppressive drug, the macrolide 
FK 506. Although it seems to be logical to ascribe the enzymatic activity 
of these proteins to a catalytic role in the folding of proteins within 
the cell other possibilities must also be considered and are discussed. 
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Sanglif ehrin-cyclophilin interaction: degradation work, 
synthetic macrocyclic analogues, X-ray crystal structure, 
and binding data. 

Sedrani Richard; Kallen Jorg; Martin Cabrejas Luisa M; 
Papageorgiou Charles D; Senia Francesco; Rohrbach Stefan; 
Wagner Dieter; Thai Binh; Jutzi Erne Anne -Marie; France 
Julien; Oberer Lukas; Rihs Grety; Zenke Gerhard; Wagner 
Jurgen 

Transplantation Research, Novartis Pharma AG, S-507.312, 
CH-4002 Basel, Switzerland. 
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Sanglif ehrin A (SFA) is a novel immunosuppressive natural product isolated 
from Streptomyces sp. A92-308110. SFA has a very strong affinity for 
cyclophilin A (IC(50) = 6.9 +/- 0.9 nM) but is structurally different from 
cyclosporin A (CsA) and exerts its immunosuppressive activity via a novel 
mechanism. SFA has a complex molecular structure consisting of a 
22-membered macrocycle, bearing in position 23 a nine-carbon tether 
terminated by a highly substituted spirobicyclic moiety. Selective 
oxidative cleavage of the C(26)=C(27) exocyclic double bond affords the 
spirolactam containing fragment 1 and macrolide 2. The affinity of 2 for 
cyclophilin (IC(50) = 29 +/- 2.1 nM) is essentially identical to SFA, 
which indicates that the interaction between SFA and cyclophilin A is 
mediated exclusively by the macrocyclic portion of the molecule. This 
observation was confirmed by the X-ray crystal structure resolved at 2.1 A 
of cyclophilin A complexed to macrolide 16, a close 
analogue of 2. The X-ray crystal structure showed that macrolide 
16 binds to the same deep hydrophobic pocket of cyclophilin A as 
CsA. Additional valuable details of the structure-activity relationship 
were obtained by two different chemical approaches: (1) degradation work 
on macrolide 2 or (2) synthesis of a library of macrolide analogues using 
the ring-closing metathesis reaction as the key step. Altogether, it 
appears that the complex macrocyclic fragment of SFA is a highly optimized 
combination of multiple functionalities including an (E,E)-diene, a short 
polypropionate fragment, and an unusual tripeptide unit, which together 
provide an extremely strong affinity for cyclophilin A. 
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The macrolide immunosuppressants in dermatology: mechanisms 
of action. 

Marsland Alexander M; Griffiths Christopher E M 
Dermatology Centre, University of Manchester School of 
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AB Macrolides are xenobiotics, produced by soil fungi, which have 

immunosuppressant properties. They will probably revolutionise the 
treatment of inflammatory dermatoses. This article outlines the context 
and putative mechanisms of action of this novel class of drugs. 
Cyclosporin, and the structurally distinct macrolides tacrolimus 
and pimecrolimus (an ascomycin derivative) , modulate immune -cell function 
by inhibiting calcineurin- dependent dephosphorylat ion-activation 
of specific nuclear factors, thus preventing transcription of 
pro- inflammatory cytokines. The macrolide rapamycin (sirolimus) acts by 
abrogating Target of Rapamycin, a key signalling protein that controls 
activation of a number of proteins which direct progression of the cell 
cycle in response to pro- inflammatory cytokines. Tacrolimus and 
pimecrolimus are small enough molecules to penetrate skin and are 
available in topical formulations. "Skin-specific" pimecrolimus seems not 
to cause systemic immunosuppression when given orally. Neither topical 
tacrolimus nor pimecrolimus are capable of producing skin atrophy. 
Sirolimus has anti-angiogenic properties that may be' beneficial to the 
treatment of psoriasis and perhaps skin cancer. 
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AB We report here on the characterization of the novel immunosuppressant 
Sanglifehrin A (SFA) . SFA is a representative of a class of 
macrolides produced by actinomycetes that bind to 
cyclophilin A (CypA) , the binding protein of the fungal cyclic 
peptide cyclosporin A (CsA) . SFA interacts with high affinity with the 
CsA binding side of CypA and inhibits its pept idyl -prolyl isomerase 
activity. The mode of action of SFA is different from known 
immunosuppressive drugs. It has no effect on the phosphatase activity of 
calcineurin, the target of the immunosuppressants CsA and FK506 when 
complexed to their binding proteins CypA and FK binding protein, 
respectively. Moreover, its effects are independent of binding of 
cyclophilin. SFA inhibits alloantigen-stimulated T cell proliferation but 
acts at a later stage than CsA and FK506. In contrast to these drugs, SFA 
does not affect IL-2 transcription or secretion. However, it blocks 
IL- 2 -dependent proliferation and cytokine production of T cells, in this 
respect resembling rapamycin. SFA inhibits the proliferation of 
mitogen-activated B cells, but, unlike rapamycin, it has no effect on 
CD154/IL-4- induced Ab synthesis. The activity of SFA is also different 
from that of other known late-acting immunosuppressants, e.g., 
mycophenolate mofetil or brequinar, as it does not affect de novo purine 
and pyrimidine biosynthesis. In summary, we have identified a novel 
immunosuppressant, which represents, in addition to CsA, FK5 06 and 
rapamycin, a fourth class of immunophil in -binding metabolites with a new, 
yet undefined mechanism of action. 
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mTOR inhibitors: an overview. 
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Inhibitors of the mammalian target of rapamycin are a new class of 
immunosuppressants. In contrast to other macrolides, such as 
tacrolimus and cyclosporine A, they do not inhibit calcineurin 
and thus signal I of T-cell activation. By inhibiting signal III, the 
mechanism of action and side effects of sirolimus (rapamycin) and its 
derivative RAD are distinct from other immunosuppressants. Reports of 
synergism with cyclosporine A and tacrolimus in preclinical and clinical 
studies, avoidance of nephrotoxicity, and possible treatment or prevention 
of chronic allograft rejection are leading to high expectations for this 
new class of immunosuppressants. Furthermore, studies evaluating 
tolerance induction are being conducted. -This review summarizes 
preclinical and clinical results published to date and exploits the future 
value of sirolimus and RAD for clinical transplantation. 
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A novel class of macrolides , the sanglif ehrins, was discovered 
by screening of actinomycete strains with a cyclophilin-binding 
assay. The chemical structures and absolute stereochemistries of the. 
sanglif ehrins A,B, C and D were determined unambiguously by 
NMR- techniques and by X-ray crystallography of the complex with 
cyclophilin A. Sanglif ehrin A consists of a 22-membered macrocycle 
containing a tripeptide subunit and features in position 23 a chain of 
nine carbon atoms bearing a 1 spirocyclic substituent. Sanglif ehrins A and 
B are genuine metabolites whereas sanglif ehrins C and D are artefacts. 
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Sanglif ehrins A, B, C and D, novel cyclophilin-binding 
compounds isolated from Streptomyces sp. A92-3 08110. I. 
Taxonomy, fermentation, isolation and biological activity. 
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A novel class of macrolides for which the name sanglif ehrins is 
proposed, has been discovered from actinomycete strains based on their 
high affinity binding for cyclophilin A (CypA) , an immunophilin 
originally identified as a cytosolic protein binding cyclosporin A (CsA) 
The sanglif ehrins were produced by Streptomyces sp. A92-308110. They 
were isolated and purified by extraction and several chromatographic, 
activity-guided steps. Sanglif ehrins A and B exhibit a 10 to 
approximately 20 fold higher affinity for CypA than CsA, whereas the 
affinity of sanglif ehrins C and D for CypA is comparable to that of CsA. 
Sanglif ehrins exhibit a lower immunosuppressive activity than CsA when 
tested in the mixed lymphocyte reaction. Their in vitro activity 
indicates that they belong to a novel class of immunosuppressants. 
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Immunosuppressant inhibition of P-glycoprotein function is 
independent of drug- induced suppression of peptide-prolyl 
isomerase and calcineurin activity. 
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PURPOSE: P-glycoprotein is a 170-kDa plasma membrane multidrug transporter 
that actively exports cytotoxic substances from cells. Overexpression of 
p-glycoprotein by tumor cells is associated with a multidrug-resistant 
phenotype. Immunosuppressive agents such as cyclosporins and macrolides, 
have been shown to attenuate P-glycoprotein activity. However, the 
mechanism by which some immunosuppressants inhibit P-glycoprotein function 
has not been determined. Since cyclosporin and macrolide 
immunosuppressants inhibit calcineurin (CaN) phosphatase and 
FKBP12 peptideprolyl isomerase (FKBP12. PPI) activity, studies were 
conducted to determine if these effects are directly related to the 
inhibitory effects these immunosuppressants have on P-glycoprotein 
function. METHODS: Western blot analysis was performed to assess CaN and 
FKBP12 protein levels in P-glycoprotein-negative (MCF-7) and -positive 
(MCF-7/Adr) breast cancer cell lines. P-glycoprotein function was 
determined by intracellular doxorubicin accumulation and/or cytotoxicity 
assays before and after CaN and FKBP12 were independently inhibited by 
pharmacological antagonists. RESULTS: CaN and FKBP12 levels were similar 
in MCF-7 and MCF-7/Adr cells. P-glycoprotein function was not affected by 
treatment of P-glycoprotein-expressing MCF-7/Adr cells with CaN and FKBP12 
antagonists. CONCLUSIONS: These results demonstrate that the inhibitory 
effects of immunosuppressive agents on P-glycoprotein function are 



AUTHOR: 



CORPORATE SOURCE: 



CONTRACT NUMBER: 
SOURCE : 

PUB. COUNTRY: 
DOCUMENT TYPE: 
LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



AB 



independent of CaN or FKBP12 PPI activity. 



LI 7 ANSWER 8 OF 19 MEDLINE 

ACCESSION NUMBER: 1999086028 MEDLINE 

DOCUMENT NUMBER: 99086028 PubMed ID: 9870481 

TITLE: Enhancement of human platelet aggregation and secretion 

induced by rapamycin. 
AUTHOR: Babinska A; Markell M S; Salifu M 0; Akoad M; Ehrlich Y H; 

Kornecki E 

CORPORATE SOURCE: Department of Cell Biology and Anatomy, SUNY Health Science 
Center at Brooklyn, New York 11203, USA. 

SOURCE: NEPHROLOGY, DIALYSIS, TRANSPLANTATION, (1998 Dec) 13 (12) 

3153-9. 

Journal code: 8706402. ISSN: 0931-0509. 
PUB. COUNTRY: ENGLAND: United Kingdom 

DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 

LANGUAGE : Engl i sh 

FILE SEGMENT: Priority Journals 

ENTRY MONTH: 199903 

ENTRY DATE:' Entered STN: 19990326 

Last Updated on STN: 19990326 
Entered Medline :• 19990318 

AB BACKGROUND: Rapamycin is a new immunosuppressive drug of the macrolide 
type. Despite binding to one of the FK-binding proteins as the initial 
step in intracellular action, further effects differ from those of the 
other fungally derived macrolides, cyclosporine and tacrolimus. We have 
previously demonstrated an enhancement of agonist-mediated platelet 
activation by cyclosporine and tacrolimus which was associated with 
increased phosphorylation of two intracellular platelet proteins, p20 and 
p40. Because rapamycin utilizes the same class of binding proteins as 
tacrolimus, but its action is not associated with the inhibition of 
calcineurin, we postulated that if the stimulatory effect of cyclosporine 
or tacrolimus was due to calcineurin inhibition, rapamycin should not 
affect platelets in a similar fashion. METHODS: Normal, washed human 
platelets were treated with various concentrations of rapamycin (from ng 
to microg/ml) , and pre- incubated at 37 degrees C with rapamycin for 
various periods (1-30 min) . Several platelet functional parameters were 
measured in samples treated with rapamycin and these parameters were 
compared with control platelet samples treated with the vehicle for the 
same period. Platelet aggregations following exposure to ADP or to the 
thrombin equivalent, TRAP- 6, were measured as changes in optical 
transmission in a Chronolog lumi-aggregometer . Each experiment was 
repeated at three or more times and the mean results were used for 
statistical comparison. RESULTS: Rapamycin- treated platelets demonstrated 
an increase in their dose- and time -dependent sensitivity to ADP, 
resulting in a significantly enhanced primary wave of ADP- induced platelet 
aggregation followed by a secondary wave of aggregation, indicative of 
granule secretion. Furthermore, rapamycin- treated platelets showed 
significantly enhanced sensitivity to TRAP- 6 as demonstrated by an 
increase in the initial velocity of aggregation, an increase in their 
maximal extent of aggregation and an enhancement of granular ATP 
secretion. Concentrations of rapamycin in the ng range, as well as short 
pre- incubation times (within min) , were sufficient to cause significant 
enhancement of agonist- induced platelet aggregation and secretion (P < 
0.001) as compared with their vehicle controls. CONCLUSIONS: Rapamycin 
significantly potentiates agonist -induced platelet aggregation in a time- 
and dose -dependent manner. As these findings are similar to those 
observed with the other fungal macrolides, we hypothesize that 
inhibition of calcineurin may not be necessary for the increase 
in intracellular protein phosphorylation observed following exposure of 
platelets to cyclosporine or tacrolimus. Whether the rapamycin- induced 
enhancement of sensitivity to agonists and platelet hyperaggregability 
explains the thrombocytopenia observed in patients when high doses of 
rapamycin are administered in the clinical setting, and whether these 
effects are synergistic with cyclosporine, are questions which remain to 
be investigated. 
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Macrolide ligands that bind FK506 binding proteins and 
cyclosporins that a bind cyclophilins are chemically dissimilar 
but can share a number of structural and biological properties. Both 
families of ligands have very different conformations in the free state 
compared to those adopted when complexed with their binding protein. 
These transformations involve twisting from cis to trans about specific 
amide bonds, which result in significant changes in the hydrogen-bonding 
capabilities of the molecular surfaces. The three-dimensional structure 
of a new cyclosporin- like ligand (SDZ214 - 103) is described in the free 
crystalline state and bound to cyclophilin, and is shown to have a very 
different conformation from cyclosporin A in the free crystal, but a very 
similar conformation when bound to cyclophilin. 
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TITLE: Only 1 de novo' long-term depression (LTD) in the rat 

hippocampus in vitro is blocked by the same low 
concentration of FK5 06 that blocks LTD in the visual 
cortex. 
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It has been proposed that the long-term depression (LTD) seen following 
low frequency stimulation (LFS) in the rat hippocampus involves 
calcineurin. We have tested this by examining the effect of FK506, a 
macrolide which blocks calcineurin at nanomolar 

concentrations, on synaptic transmission in the rat hippocampal slice at a 
concentration of 1 microM which has been shown to block LTD in the visual 
cortex. The effect of FK506 on long-term potentiation (LTP) and 
spontaneous transmitter release was also studied. The magnitude of LTD 
induced by LFS was 16.7 +/- 2.4% in control which was not significantly 
different from the 22.3 +/- 3.0% seen in the same preparations after 
exposure to FK506 for 25-30 min. In contrast the magnitude of LTD induced 
' de novo' in preparations exposed to FK506 was significantly reduced. 
FK506 had no significant effect on LTP, miniature EPSP frequency, 
miniature EPSP amplitude, resting membrane potential or input resistance. 
These results, therefore, support the hypothesis that calcineurin is 
involved in ■ de novo' LTD but it appears that an event is triggered by LFS 
whereby FK5 06 -insensitive LTD can subsequently be activated by a second 
episode of LFS. 
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TITLE: Demonstration of ternary immunophilin-calcineurin 

complexes with the immunosuppressants cyclosporin and 
macrolide FK506. 
Woerly G; Weber E; Ryffel B 

Institute of Toxicology, University of Zurich, Switzerland. 
BIOCHEMICAL PHARMACOLOGY, (1994 Apr 20) 47 (8) 1435-43. 
Journal code: 0101032. ISSN: 0006-2952. 
ENGLAND: United Kingdom 
Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199406 

Entered STN: 19940621 
Last Updated on STN: 19980206 
Entered Medline: 19940614 
The specificity of cyclosporin A (CsA) binding to the major intracellular 
receptor proteins, cyclophilin A and B, as well as the interaction of CsA 
with the phosphatase calcineurin were investigated. Binding of 
photoaf f inity-labeled CsA (PL-CS) , a photoaf f inity probe of CsA, to 
recombinant human cyclophilin A and B is saturable and specific. 
Non-specific PL-CS binding to calcineurin is observed in the absence of 
cyclophilin and calmodulin. In the presence of cyclophilin, 
cyclosporin-calcineurin binding becomes specific. Ternary complexes 
containing an equimolar ratio of cyclophilin A or B, PL-CS and calcineurin 
are resolved using the chemical-crosslinking technique. The formation of 
these complexes is specific, calcium- but not calmodul in-dependent , and is 
only inhibi table by cyclosporins, which bind cyclophilin. The 
drug-immunophilin complex binds to the calcineurin A subunit. The 
proteolytic 43 kDa product of calcineurin A retains binding properties, 
suggesting that the C-terminal domains are not necessary for complex 
formation. A trimeric complex of FKBP-calcineurin is also formed with 
FK506, but not with rapamycin. As expected, these complexes are only 
competed with by homologous derivatives. Chemical crosslinking of 
photolabeled Jurkat T-cells strongly suggests that drug-calcineurin 
complexes are of biological relevance. 
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The immunosuppressive peptide cyclosporin A inhibits the growth of malaria 
parasites in vitro and in vivo, but little is known about its mechanism of 
antimalarial action. The immunosuppressive action of cyclosporin A is 
believed to result from binding of the drug to cyclophilins (intracellular 
peptidyl-prolyl cis-trans isomerases) , and inhibition of the protein 
phosphatase calcineurin by the cyclosporin A-cyclophilin complex. Two 
immunosuppressive macrolides, FK506 and rapamycin, bind to a 
distinct isomerase, FKBP12 , and the FK506 - FKBP complex also inhibits 
calcineurin. Calcineurin itself is apparently involved in signal 
transduction between the T-cell membrane and nucleus, and its inhibition 
blocks T-cell activation. Rapamycin inhibits a later step in T-cell 
proliferation. Peptidyl -propyl cis-trans isomerase activity was detected 
in extracts of Plasmodium falciparum. It was completely inhibited by 
concentrations of cyclosporin A above 0.1 microM, but not by FK506 or 
rapamycin, and probably represented one or more cyclophilins. Comparison 
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of the antimalarial and anti- isomerase activities of a series of 
cyclosporin analogues failed to reveal a correlation between the two 
properties. Cyclosporin A and its more active 8 ' -oxymethyl -di hydro - 
derivative, in combination with the cyclophil in-containing P. falciparum 
extract, inhibited the protein phosphatase activity of bovine calcineurin. 
Therefore inhibition of a putative P. falciparum calcineurin by a complex 
of CsA and cyclophilin might be responsible for the antimalarial action of 
the drug. The most active cyclosporin, however, was a 3 1 -keto-derivative 
of cyclosporin D (SDZ PSC-833) which inhibited P. falciparum growth with a 
50% inhibitory concentration (IC50) of 0.032 microM (compared with 0.30 
microM for cyclosporin A) , but was a poor inhibitor of the parasite 
isomerase. 3 ' -Keto-cyclosporin D has negligible immunosuppressive 
activity, but it strongly inhibits the P-glycoprotein of multi-drug 
resistant mammalian tumour cells. FK506 and rapamycin were also active 
antimalarials (IC50 of 1.9 and 2.6 microM, respectively) but in the 
absence of detectable FKBP in P. falciparum extracts, their mechanisms of 
antimalarial action remain unclear. 
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JOURNAL OF IMMUNOLOGY, (1993 Apr 1) 150 (7) 
Journal code: 2985117R. ISSN: 0022-1767. 
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Journal; Article; {JOURNAL ARTICLE) 
English 

Abridged Index Medicus Journals; Priority Journals 
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Entered STN : 19930507 
Last Updated on STN: 19990129 
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The immunosuppressive drugs cyclosporin A (CsA) and FK5 06 bind to distinct 
families of intracellular proteins, cyclophilins , and FK506 binding 
proteins (FKBP) respectively, termed immunophilins . I mmuno- suppressant - 
immunophilin complexes bind to and inhibit the activity of calcineurin, a 
calcium-dependent serine/threonine phosphatase. CsA is known to inhibit 
degranulation in CTL as assessed by N benzyloxylcarbonyl-L- lysine 
thiobenzyl ester-esterase release assays. We have investigated whether 
calcineurin phosphatase activity is involved in this degranulation. Both 
CsA and FK506 are shown to inhibit N benzyloxylcarbonyl-L- lysine 
thiobenzyl esteresterase release in murine CTL clones induced either by 
cognate target or by PMA and the calcium ionophore A23187. Inhibition is 
concentration dependent and is observed at drug concentrations that 
specifically inhibit cellular calcineurin. The FK506-binding immunophilin 
FKBP12, as well as calcineurin, are shown to be present in these cells by 
immunoblotting analysis. Rapamycin, a macrolide antibiotic 
thought to compete with FK506 for binding to common FKBP receptor sites, 
antagonizes the effects of FK506 on both degranulation and 
calcineurin activity. Neither the degranulation nor the effect of 
the immunosuppressants is affected by the protein synthesis inhibitor 
cycloheximide . These, observations suggest a role for calcineurin in CTL 
degranulation. Thus, in addition to its previously described role in 
lymphokine gene activation, calcineurin also appears to be involved in T 
cell activation processes which do not require protein synthesis. 
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AB The 12- and 13-kDa FK506 binding proteins 

(FKBP12 and FKBP13) are cis-trans pept idyl -prolyl isomerases that bind the 
macrolides FK506 (Tacrolimus) and rapamycin (Sirolimus) . The 
FKBP12.FK506 complex is immunosuppressive, acting as an inhibitor of the - 
protein phosphatase calcineurin. We have examined the role of the key 
surface residues of FKBP12 and FKBP13 in calcineurin interactions by 
generating substitutions at these residues by site-directed mutagenesis. 
All mutants are active catalysts of the prolyl isomerase reaction, and 
bind FK506 or rapamycin with high affinity. Mutations at FKBP12 residues 
Asp-37, Arg-42, His-87, and Ile-90 decrease calcineurin affinity of the 
mutant FKBP12.FK506 complex by as much as 2600-fold in the case of I90K. 
Replacement of three FKBP13 surface residues (Gln-50, Ala-95, and Lys-98) 
with the corresponding homologous FKBP12 residues (Arg-42, His-87, and 
Ile-90) generates an FKBP13 variant that is equivalent to FKBP12 in its , 
affinity for FK506, rapamycin, and calcineurin. These results confirm the 
role of two loop regions of FKBP12 (residues 40-44 and 84-91) as part of 
the effector face that interacts with calcineurin. 
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